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ATTENTION

AS NOTED IN THE NTIS ANNOUNCEMENT,
PORTIONS OF THIS REPORT ARE NOT LEGIBLE,
HOWEVER, IT IS THE BEST REPRODUCTION
AVAILABLE FROM THE COFY SENT TO NTIS.




_I~
‘THE B!ﬂtﬂﬁltli COHTROL OF ALLIGATORWEED
-'l(. R. Spencer & J. R. Coulson
The Plant

Alﬂgatomed, Alternanthera g!_\j__loxeroides (Mart.) Grised., an aquatic

" smaranth introduced into the United States from South America around the

tum of the century, has become a noxious aquatic weed over the past 40

nas.M Aftér-1ts introduction the plant spread rapidly in the

Unfted States 1nfestfng aquatic and wetland areas from North Carolina

southward to F‘lorida and westward through Alabama, Mississippi, and Arkansas

to Texas. In South America, alligatorweed is established from southem

Argentina to Central America.

Alligatorweed s not known to produce viable seed in the United States.
Reproduction is vegetative, each node being cabable of producing a complete
plant. Mechanical destruction of the mats without removal of all planf
material results in proliferation of the weed. Thel weed may be rooted in

noist soil, along the banks of bodies of water, or in shallow water areas.

In water more than 60 cm in depth, alligatorweed may form a floating mat

of interwoven stems. The internode space in this situation s hollow and
capable of buoying the emergent, photosynthetic portion of the plant; roots
froa the nodes obtain nutrients from the water. Large densely woven mats
frpede vater moverent, restrict traffic on naviqable waterways, and restrict
fishing and recreational uses of lakes, streams, and rivers. Damage to
agriculture 1s incurred as alligatorweed blocks drainage and {irrigation
channels, thus increasing the threat of flooding during periods of high
water., In addition, the weed causes public health problems by fncreasing

mosquito breeding arces and by water pollutien from plent caconposition,
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The Problem

Alligatorweed has been classed as a weed because of fts competitive
advantage over native vegetation and development of these extensive
interwoven mats of plant material that may extend three feet or more .
down into the water and hundreds of feet over the surface (Fig. 2).

This development of dense plant material results in the perennial alli-

gatorweed .choking out native vegetation and forming a monotypic community.
Waterhyacinth appears to be one of the few plants capable of co;meting

with alligatorweed for space and nutrients in an aguatic environment. We
have seen sprigs of alligatorweed growing among waterhyacinth plants which
were compacted in a cove. A borrow canal in Louisiana may have a contin-
.uous waterhyacinth mat then abruptly change to an adjaoeut' alligatorveed
mat. If alligatorweed occupies an area of water, witerhyacinth cannot
favade that space unless the alligatorweed mat is damaged or moved by _
wind or wave action. Much the same is true {if waterhyaciinth is the original
favader,

Alligatonieed was recognized as a threat as early as 1901, but its
potential as a serious aquatic weed problem was not fully recognized until
the wse of herbicides in 1945. The use of these herbicicies for waterhyacinth
control resulted in a corresponding increase in alligatorweed. Alligator-
weed is less susceptible to the action of herbicides and therefore gained
& competitive advantage. By 1963 surveys showed that all igatorveed
infested an estinated 162,400 acres of water in North and: South Carolina,
Georgia, Florida, Alabama, Mississippi, Louisiana, and Te xas (U. S. Army
Corps of Engineers, 1965). Smaller infestations are know.n to occur in

Virginia, Arkansas, Tennessee, and California (Massey, 19:55; Weldon, 1960).
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In sddition, aliigatorweed has been introduced to Asfa, Australfa, and
Africa (Sculthorpe, 1967). ’

Controls

The need for controlling these introduced aquatic weeds, such as
'waterhyacinth. was recognized as early as 1892, when Comgress authorized
the U. S. Army Corps of Engineers to begin operations to remove water-
hyacinth from navigable waters in Slortda and Louisiana. In 1945, after
the advent of herbicides, chiefly 2,4-D, in aquatic wees control programs,
the U, S. Arny Corps of Engineers was asked by Congress to determine the
feasibility, nature, and potential benefits of an expansion of thefr

aquatic weed control activities. This resulted, in 1958, in an "Expanded
Project for Aquatic Plant Control®, for which Congress euthorized the
Corps of Engineers to make a detailed study of the contr>l and eradication
of 2quatic weeds from waterways in the Gulf and South Atlantic Coastal
States (U. S. Army Corps of Engineers, 1965). In addition to their own

" research and control efforts, the Corps of Engineers has supported research

on better methods of chemical and mechanical control of vaterhyacinth and
alligatorweed, and on studies of the biologies of the weads. Research on
practical uses of the plants has also been conducted. B:ginning in 1959,

an increasing portion of this support was devoted to res:arch on the
possibiliticc of biclogical control of aquatic weeds. T.is latter research,
completely supported by funds from the Corps, has been p>rformed by person-
nel of the Agricultural Research Service (ARS) of the U. S. Department of
Agricul ture,
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- Exploration for Natural Enemies
In 1960 and 1961, explorations were made fn South America by George

B. Vogt, an ARS entomologist of the Systematic Entomology Laboratory,
Washington, D. C., to search for natural enemies ¢f alligatorweed in its
native habitats. In 1961, an ARS-supported Special Foreign Currency
(PL-480) project was initiated with Ing. A. Silveira Guido in Uruguay
to study natural enemies of aquatic plants. And in 1962, an ARS labora-
tory was established in Argentina to study further the more p;-onﬁsing
irthropods found during thie earlier Surveys and the PL-480 research
(Anderson, 1965). The recearch in Argentina was conducted by Donald M,
Maddox from 1962-1967, B. David Perkins, 1968-1971, and C. J. Deloach,
1971 to July 1, 1974,

A deciston was made to concentrate the early research efforts on

the potential biological contrcl of alligatorweed because this 'weed was
more difficult to control by herbicides than was waterhyacinth (J. R.
Coulson, in manuscript).

An excellent account of the early exploratory work and the later
experimental studies on alligatorweed and its natural enemies in South
Merica is given by Maddox, et al. (1971), and in the reports by Vogt
(1960, 1961) and Silveira Guido (1962, 1963), Maddox (1968), and Maddox
and Resnik (1968, 1969).

Limited field studies of allicatonveed infestations in California
and in the southeastern United States were conducted by Maddox during
1961-1962, and later by other members of the USDA - ARS Biological Control
of Weeds Research Laboratory, Albany, California, under the direction of
Pr. Lloyd A, Andres. From 1965 to 1969, additional research on native




.eontro'l of alligatorweed, and the introduction and establishment of

North American natural ememies of introduced aquatic weeds, including
alligatorweed and waterhyacinth, wis conducted in Louisiana under the
direction of A. D. Oliver, Department of Entomology, Louisiana State
University, undor an ARS-supported research grant. In addition, Vogt
has conducted considerable field investigation on alligatorweed and its
natural enemies in the United States, the results of which are soon to
be published (G. B. Vogt, ﬁersonal communication).

In 1970 an ARS research unit was established in Gainesville, Florida,
to intensify research on biological control of aquatic weeds. The principal
emphasis of the Gainesville laboratory from 1970 through 1972 was on

fncreasing the effectiveness of the insects introduced earlier for the

Vogtia mallof Pastrana (Lepidoptera: Pyralidae: Phycitinae) (Brown and
Spencer, 1973; Foret, et al., 1974; Spencer, 1974). From 1972 to dJate,
ewphasis at the Gainesville laboratory has shifted slowly from alligator-

weed to waterhyacinth,

During the South American explorations, over 40 arthropod species
were found assocfated with alligatorweed. Vogt classified the majority
of these as "minor biotic suppressants", considering only five of the
fnsect species found as important natural control factors for alligator-
weed (Voot, 1960, 1961; Maddox, et al., 1971). Of these five insects,
mly“‘ghree; appearad suitable for fntroduction into the United States as
biological control agents of alligatorweed. These fnsects, all three-of
which were undescribed at the time of their discovery, have since been
nased and described; they-are: 1) Agasicles hygrophila Selman and Vogt

(Coleoptera: Chrysomelidae), now comnonly known as the ™alligatorweed
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flea beetle"; 2) Amynothrips andersoni O*fefl1l (Thysanoptera: Phlaeo-
thripidae), the “alligatorweed thrips*; and 3) V. malloi, the so-called

"allfgatorweed stem-borer®. A general discussion of the biology, feeding
behavior, and resulting plant dapage of these insects is givenihy Maddox,
et al. (1971). * S L

As a result of the necessary, long-term laboratory studies, which
were conducted at the ARS laboratories in Argentina and at Albany, Cali-
fornia, the host specificity of these insects was assured. Clearance
for their release in the United States was obtained from the Federal
Working Group on Biological Control of Weeds, and the U. S. Department of

.Agriculture's regulatory agency (now the Plant Protection and Quarantine

Programs, Animal and Plant Health Inspection Servicg). and from authorities
in the various states in which releases were intended. (For a.description
of the procedures involved in obtaining clearance for the introduction of
foreign weed-feeding insects into the United States see Zwdlfer, H. and

P. Harris, 137); and Coulson, J. R., 1974,) Agasicles was first released
in the United States in 1964, Amynothrips in 1967, and Vogtia in 1971
(Brown and Spemcer, 1973). All three species have since become established

in certain areas of the southeastern United States.

MAgasicles hygrennila Selman and Vogt

The alligatorweed flea beetle (Fig. 4), commonly called Agasicles by
those who have worked closely with it, was the first biocontrol agent
studieq. It was described by Selman and Vogt (1971). Approval for the
importation of Agasicles into the United States was recommer ded by the

Fedoral Yorking Croup en the Biologicel Control of leeds in August 10€2,

e
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and permits for its importation were issued by the USDA m. January 1964.

Although Agasicles became established in the Savamnah National
Wildiife Refuge, South Carolina during 1964, the first successful ne!easc
and establishment of Agasicles population was made in a dense mat of
alligatorweed on the Ortega River in Jacksonville, Florida in April 1965
(Zefger, 1967; Hawkes, et al., 1967). In an acceptable environment, an
Agasicles female may lay 1,000 eggs, and a complete generation may take
no more than 25 days at 22°C (Maddox, 1968). By June of 1966, the floating
mats at the release site were dead and disintegrating, and only a fringe
of heavily damaged alligatorweed remained along the banks; the weed has
never recovered at this site.

Most of the alligatorweed flea beetles 'that have become established _
in the United States are the progeny of the beetles released on the Ortega
River. These Agasicles originated from the Ezeiza Lagoon area near Buenos
Aires, Argentina. Coulson (in manuscript) gives détails of the releases
of Agasicles in the United States. Over 7,700 beetles in the spring of
1966 and another 1,500 in the fall of the same year were collected from
the Ortega River site for release in other sites in Florida, Georgia,
South Carolina, and Mississippi.

Natural dispersion of the alligatorweed flea beetle occurred rapidly
at release sites as the beetles destroyed the alligatorweed. In August of
1967 this ability to disperse resulted in beetles being found as far north
as Waycross, Georgia and at another site some 75 miles northwest of the
Ortega River release site.

Although Louisiana was ranked first in amquﬁt of alligatorveed, it

vas the last to receive introducticons of Poasicles. This was due to some
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conflicts of interest and misunderstandings. Cattlemen in southem
Loufsiana sometimes feed their cattle & terrestrial and semi-terrestrial
alligatorweed during periods when other forage is unavatlablae., Also,
pelts of the fur-bearing nutria are sought by trappers in Louisiana aﬁd
these animals sometimes use allfoatorweed as food. Alligatorweed is
also a deer browse and is sometimes used in crayfish culture.

A public hearing was held at Like Charles, Lcuisiana, on July 29,
1970, on the possible use of biocontrol agents for alligatorweed control.
As a result of discussions at this meeting it was learned that the concern
in Louisiana was primarily for terrestrial and semi-terrestrial alligator-
weed and that there was an interest in reducing the alligatorweed in |
aquatic habitats. Because experience with Agasicie; had shown that it
prefers, and almost restricts itself, to aquatic alligatorweed, it was
generally agreed that the release of Agasicles in Louisiana woﬁld have
benefits outweighing any detrimental effects. No further objections
were received following this hearing, and clearance for release of
Masicles in Louisiana was granted in December 1970.

Two factors are important to the ability of Agasicles to establish
and flourish on its host, alligatorweed. 'Number one is temperature; the
beetle is poorly adapted to freezing winters because of a lack of a
diapatse. If all alligatorweed is frozen back to the water line, the
flea beetles will starve during the winter., Agasicles is also poorly
adapted to temperatures above 26°C. Maddox (in 1itt,) found that the
fecundity of Agasicles is reduced as the temperature goes above 26°C.
This effect of temperature has been noted in the field where poor popu-
lation buildup is seen .in south Florida and otl;er areas with lona, warm

summers,
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In.the northern portfon of its range, Aqasicles may build up from a
small overwintering population to a single population peak in the fall.
Where a higher nunber of beetles survive the winter in areas from 28°
to 32° N lat. two population peaks occur, one in the spring and a second

in the fall, This split peak is due to the summer decline in the Agasicles
population that is associated with higher summer temperatures.

The second factor important to the ability of an Agasicles population
to flourish 1s the quality of th: alligatorweed. We have noted, at alli-
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gatorweed sites in the southeast, that the beetles were rarely evident

where alligatorweed had showed symptoms of low nutrient availability. The

symptoms included internode diameter and length, plant height, stem density,

and leaf area. Brown (1973) found positive statistical correlations in -

the number of Agasicles and Vogtia at a site and th}a plant characteristics

named above.

Amynothrips andersoni 0'Ne{ll

Information on this thrips may be found in papers by Maddox, et al.
(1971), Haddox and Mayfield (1972), Maddox and Resnik (1968), Vogt (1960,
1961), and Maddox (1973). The species was not described until 1968
(0'Hefl1, 1968).

Approval for the iuportation of the alligatoniced thrips into the
United States was obtained from the Federal Working Group on tie Biological
Control of Weeds in May 1966. Permits were granted by USDA later that
year. Thrips were imported from Argentina in the latter part of 1966 and
a colony was established at the USDA Biological Control of Weeds Laboratory
fn Albany, California. "
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Releases, after the necessary state clearances, were made i'n‘Florida.
Seorgia, South Carolfna, and California 'H't 1967. Amynothrips was first
released in Mississippt and Texas in 1968 and in Alabama in 1969.

Mgmothrips populations are known to be established only in areas
of South Carolina, Florida, and Georgia. Detailed field investigations
have not been conducted at most of the release sites, and the thrips
may well be established at other sites. Populations of the thrips were
found in 1970 on the Ashepoo River near Jacksonboro, South Ca'ro‘l'lna, a

| distance of nearly 10 miles from the 1967 rulease site on the Edisto
River (W. C. Durden, personal communication). Established populations
of the thrips exist at the Savannah National Wildlife Refuge Jjust across

the Georgia State line in South Carolina and on the Ortega River in Jack-

sonville, F‘Ibrida. In general, however, populations of Amynothrips capable
of effectively controlling alligatorweed have not developed.

Two factors may have apparently accounted for the lack of Amynothrips
to build up populations in the United States. HWe believe that pressure

is exerted on the thrips by predators, chiefly flower bugs in the genus
Orius (Anthocoridae). This predator pressure prevents the thrips from
building up high populations over short periods of time. There is the
possibility, however, that once the Amynothrips population in a release
area develops past a density that Orius is capable of handling, predation

A Ry

will no longer be an important factor governing the thrips population.

The second factor that affects the ability of Amynothrips to repro-
duce and multiply on alligatorweed in the United States is flight. 0'Nefll

(in 1itt.) doubts that Amynothrips is capable of flight. 0'Nefll {is not

convinced that even the fully macropterous individuals of this species

P N T Ao Il B 5 52t
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can fly. This inability to fly would, of course, restrict their rate of
dispersioh. S -

In 1574 a spread of Amynothrips was noted on the -Ortega River near
Jacksonville, Florida. The thrips was found several hundred yards from
the original release site. A1l of the rooted alligatorveed in a small
cove, left after the attacks by Agasicles and Vogtia, was infested with
the thrips. The terminal growth showed the characteristic distortion
common to this insect (Fig. 5). The plants appeared stunted due to the

i:oubination of insect damage and low nutrient levels. It appears that
alligatorweed will cor:tinue to occupy a portion of the site on the Ortega
River, but its growth will be severely limited by biotic stress. In this
area alligatorweed can no longer be classed as a weed species. It is an
acceptable member of the aquatic plant community. . |
Maddox,et al. (1971) estimated that Amynothrips went through 4
generations a year in South America. The thrips may élowly develop popu-
lations large enough to escape some of the predation pressure it is now
under in the United States. We believe that we are beginning to see this
result on the Ortega River, As Amynothrips populations build up in the
United States they should spread, though perhaps slcwly, and eventually

have greater impact on alligatorweed.

Vogtia 1rallsi Pastrana

Vogtia malloi, the alligatorweed stem borer (Fig. 6), was described
in 1961 by Pastrana (1961). Vogt (1960) found the mth, together with

the thrips, to be the most geographically widespread of all alligatorweed
natural enemies in South America. In his studfes of Vogtia, Vogt believed
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the woth to have a far greater average flight range and total range than
sy of the other host specific insects found on alligatorweed. The moth
was found from southern Argentina to northermn Yenezuela.

fpproval for the release of Vogtia in the United States was obtained
from the Federal Working Group in Decesmber 1970, and state approvals were
obtained for release in Florida, Georgfa, South Carolima, and NHorth Caro-
Yina §n 1971 and Alabama in 1972. Three shipicnts, totaling 223 larvae
and 23 pupae, collected from alligatorweed-infested ditches af Bella Vista

near Buenos Aires, were sent to the Albany laboratory from February 23 to
Mpril 14, 1971, A total of 4078 2ggs obtained from moths reared from these

larvae were sent from Albany to the Gainesville, Florida, laboratory in six
shipntenté from April 3 to July 16, 1971, and 813 eggs were sent to Georgia

on April 12 for field release. Some of the eggs receiwed at Gainesville

were used to establish a culture of Vogtia in the greeniouse, ;nd the remainder
were released in Florida. Additional releases in Florita, in North and South
Carolina, and in Georgia were made in 1971 from material obtained from the

successful greenhouse culture at Gainesville. Initial results of these re-

leases are discussed by Brown and Spencer (1973). Estallishment was appar-

Lag™ g

ently effected only at the Lake Lawne, Lake Alice, and 3lack Lake sites in

YW LG P

Florida, and overwintering occurred at the USDA station at Savannah, Georgia.
The first release site was in an alligatorweed infested stream on the

{ campus of the University of Florida at Gainesville, in ilay of 1971. The

population increased and dispersed randomly from the release site, reducing

the aerial alligatorweed viems from 52.5 to 4.0 per square foot in 4 genera-

tions. In 1972 Vogtia populations again built up at this site. The number

of insect larvae and of aerial stems of alligaéomeed vere measured from

the spring through November when the population of both insects and plants
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appmcﬁed that of the year before (Table I). Alligatorweed at this site
has since declined to the point that only 6ccas10nal aerfal stems Qem
seen in the water in mid-1974. This damage is in part due to the ability
of a single larva to damage as many as nine stems during the course of
its development (Maddox, et al., 1971).

In 1971 and 1972 Vogtia was released along the Atlantic seaboard and
fn the peninsular part of Florida. In the spring of 1974 the moth was
fond in southern Loufsiana attacking 1-4% of the alligatorweed stems
measured. By the fall of that year Yoqtia had built up to damaging pop-

ulations in Louisiana, Arkansas, and Mississippi, and had also been found

in Texas by G. B. Vogt and P. C. Quimby, Jr., ARS, Stoneville, Mississippi

(personal communication).

Spencer has found Vogtia in the Santee-Cooper izeservoi r area 1n. South
Carolina where it inflicted heavy damage on alligatorweed. Thé excreme
decline of alligatorweed on the reservoir in 1973 and 1974 can be traced
to the overwintering ability of Voatia in an area of 30+ days below 0°C
each year. Vogtia promises to be the most widespread of the introduced

enemies in the United States.

Conclusion

With the establishnent of Agasicles on the Ortega River and its rapid
spread in the Southeast in the latter part of the 1960's and into the
1970's, it was apparent that a substantial amount of alligatorweed in the
Southeastern United States was being controlled biologically. The control,
however, was erratic and limited to areas without extreme winter or summer
temperatures. Even with these drawbacks [_\.g_as.j_é_l_e_s‘ was considered an important

{ntroduction and the basis for a very successful biological control program.
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Vogtia mallol was the last of the three insects to be introduced.
With this introduction we went from a moderately successfui comtrol pro-
gram that tended to be limited to a portion of the range of alligatorweed
to a substantial control of alligatorweed over the entire range where {t
occurred as an aquatic plant problem.

It 1s our contention that alligatorweed will cease to be an {mportant
aquatic weed and only rarely will be found in pure stands in any signifi-
cant proportions. In other words, the stress now being placed upon the
plant by the introduction of the three species of insects will cause it
to become an acceptuble member of the aquatic plant community in the United
States.
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LIST OF FIGURES
Figure 1. Alternanthera philoxeroides (Mart.) Griseb. Alligatorweed.

A, Habit--X 0.5; B, roots and young plant--X 0.5§ C, part of aquatic
growth, new shoot from rooting node--X 0.5; D, flower--X 2.5;
E, persistent chaffy flover with the single mature achene--X 2.5:
F, achenes--X 2.5; G, seeds--X 5.
Figure 2. Alligatorweed infestation - Semmes Lake, Fort Jackson,
South Carolina, June 1972,
Figure 3. Photograph taken from same spot as Figure 2 showing control

of alligatorweed by insects - October 1974.

Figure 4. Agasicles hygrophila, the alligatorweed flea beetle, on inser.

damaged alligatoiveed.

Figure 5. Alligatorweed damaged by Amynothrips andersoni, the alligatorweed
thrips. '

Figure 6. Larva of Vogtia mallei, the alligatorweed stem borer, in stem

of alligaton:eed.
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